




KGROUND OF THE INVENTION 



Field of the Indention: 



^present invention relates to a method of A ^ 
Wa shUt of glass with a suction mold. 
Description of the Prior Art: 

There has heretofore heen known a method of bending 
. sheet of glass hy drawing, under suction, the sheet of 
«, glass that has been heated nearly to a softening point 

thereof against the surface of a suction mold for thereby 
shaping the sheet of glass complementarily to the surface 
configuration of the suction mold. Such a method is dis- 
closed in Japanese laid-open patent publication No. 62-270429 
15 and Japanese patent publication No. 62-30136. 

According to the method disclosed in the former 
publication, a heated sheet of glass is floated by air and 
pressed against the shaping surface of a suction mold, and 
then a vacuum is developed by the suction mold to draw the 
20 heated sheet of glass against'the shaping surface of the suc- 
tion mold to bend the heated sheet of glass to a desired 
shape complementary to the shaping surface. 

According to the method disclosed in the latter 

25 and pressed against the shaping surface of a suction mold, 
and then a vacuum is developed by the suction mold to draw 
the heated sheet of glass against the shaping surface of the 
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suction mold to bend the heated sheet of glass to a desired 
shape complementary to the shaping surface. 

in the above prior arrangements, a large amount of 
air may flow into the suction mold through suction holes that 
are defined in the region of the suction mold which is posi- 
tioned out of intimate contact with the glass sheet, thereby 
reducing the forces with which the glass sheet is held 
against the shaping surface under suction. 

To solve the above problem, a suction mold is di- 
, vided into a plurality of chambers, and different suction 
pressures are developed in the respective chambers according 
to other conventional arrangements disclosed in Japanese 
laid-open utility model publication No. 63-27443 and Japanese 
laid-open patent publication No. 59-232926. These disclosed 
5 suction molds also suffer disadvantages because suction pres- 
sures are simultaneously developed in the chambers. 

More specifically, FIG. 8A the accompanying draw- 
ings shows a conventional suction mold 100 having a down- 
wardly convex shaping surface, in FIG. 8a, a heated glass 
,0 sheet G has its peripheral edge pressed against the periph- 
eral edge of the shaping surface of the suction mold 100 by a 
ring mold 101. When the suction mold 100 starts drawing the 
heated glass sheet G under suction pressures developed 
therein, air may locally be not removed from and may remain 
25 trapped between the glass sheet G and the shaping surface of 
tae suction mold 100, as shown in FIG. 8B of the accompanying 
drawings. When this happens, the glass sheet G has an in- 
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versely curved region which will cause poor reflective dis- 
tortions on the bent glass sheet. 

FIG 9A of the accompanying drawings shows another 
conventional suction mold 110 of the reversal type having a 
concave/convex shaping surface. In FIG. 9A, a heated glass 
sheet G has its peripheral edge pressed against the periph- 
eral edge of the shaping surface of the suction mold HO. 
When the suction mold 110 starts drawing the heated glass 
sh eet G under suction pressures developed therein, the heated 
glaS s sheet G may not be stretched sufficiently, and may be 
ruptured as shown in FIG. 9B of the accompanying drawings. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a method of a sheet of glass accurately to 

a desired shape with a suction mold, without trapping air be- 
tween the sheet of glass and the shaping surface of the suc- 
tion mold, or rupturing the sheet of glass or developing un- 
due stresses in the sheet of glass. 

cording to the present invention, there is pro- 
vided a method* bending a sheet of glass heated nearly to a 

4~«.\*~ 0 f with a suction mold including a plu- 
softening point tfi^reor wnn a »u 

\A J ^^y^yct havinq respective shaping 
rality of divided sucMoi chambers navmg re h 

suc f.o* areas, co^rptsthe step of deveiopin, vacuo** in 
saUcted ones of t J suc^haabers at different tl~ to 

attract the sheet of ,1." ^ «* 1 ° 3t the 

vv.^f for thereby Bending the sheet of glass 
surface areas thereof tor tnereu* 

complementary to the shaping surf acXareas . 
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Specifically, the suction chambers may include a 
central sulion chamber having a flat shaping surface area 

r If opposite side suction chambers disposed one on 



and a pair 



each side of the central suction chamber and having respec- 
tive curve Japing surface areas. A vacuum may be developed 
in the cemi suction chamber to attract a central area of 




the shee€ oHlass against the flat shaping surface area 



thereafter, a vacuum may be developed in the op- 
action chambers to attract opposite side areas 
of glass respectively against the curved shaping 



thereof, an 

posite side 

10 of the sheet 

surface areai. 

According to the present invention, there is 

provided a method of shaping a sheet of glass heated nearly 
to a softening point thereof with the shaping surface areas 
15 of a plurality of divided suction chambers defined in a suc- 
tion mold, the shaping surface areas having suction holes de- 
fined therein, comprising the steps of introducing a vacuum 
into one of the suction chambers to attract an area of the 
sheet of glass against the shaping surface area of the one of 
20 the suction chambers through the suction holes thereof, and 
thereafter, introducing a vacuum into another of the suction 
chambers to attract another area of the sheet of glass 
against the shaping surface area of the other of the suction 
chambers through the suction holes thereof. 
25 The above and further objects, details and advan- 

tages of the present invention will become apparent from the 
following detailed description of preferred embodiments 
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thereof, when read in conation with the accenting draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic side elevational view of an 
5 apparatus for carrying out a method of bending a sheet of 
glass according to the present Invention; 

FIG. 2 is a cross-sectional view of a suction mold 

of the apparatus shown in FIG. 1; 

FIG. 3 is a plan view, partly broken away, of the 

10 suction mold shown in FIG. 2; 

FIG. 4 is a cross-sectional view, partly broken 
away, of the suction mold in a certain phase of a process of 

bending a sheet of glass; 

FIG. 5 is a cross-sectional view, partly broken 
15 away, of the suction mold in another phase of the process of 

bending a sheet of glass; 

FIGS. 6A through 6D are cross-sectional views of 
other suction molds which can be used in the method according 
to the present invention; 

FIGS. 7A and 7B are perspective views of sheets of 
glass that can be shaped by the suction molds shown in FIGS. 

6A through 6D; 

FIGS. 8A and 8B are views illustrative of a conven- 
tional method of bending a sheet of glass; and 

FIGS. 9A and 9B are views illustrative of another 
conventional method of bending a sheet of glass . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



20 



25 
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As shown in FIG. 1, an apparatus for carrying out a 
\ method of ifefe a sheet of glass according to the present 

invention includes a tunnel-shaped heating furnace 1 for 
heating a sheet of glass G to be bent to a desired shape. 
5 The apparatus also includes a shaping stage SI positioned 
downstream of the heating furnace 1 and a quenching stage S2 
positioned downstream of the shaping stage SI with respect to 
the direction in which the heated glass sheet G is conveyed. 

An array of conveyor rollers 2 is disposed in the 
10 heating furnace 1 and arranged from the heating furnace 1 to 
the shaping stage SI. The shaping stage SI includes a verti- 
cally movable upper suction mold 3 and a vertically movable 
lower ring mold 4 which is disposed below the upper suction 
mold 3. The shaping stage SI also includes an array of ver^ 
15 tically movable rollers 5 in the ring mold 4. 

The quenching stage S2 includes a pair of upper and 
lower quenching boxes 6, 7 vertically spaced from each other 
for ejecting cooling air to a space therebetween, and a 
quenching ring 8 disposed between the upper and lower guench- 
20 ing boxes 6, 1 . The quenching ring 8 is reciprocally movable 
between the shaping stage SI and the quenching stage S2. 

As shown in FIGS. 2 and 3, the suction mold 3 com- 
prises a hollow box including a downwardly convex lower shap- 
ing surface 31 which has a plurality of suction holes 32 de- 
25 fined therethrough in communication with the interior space 
of the suction mold 3. The interior space of the suction 
mold 3 is divided into a plurality of suction chambers CI, 
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C2, C3 by a pair of partitions 33. The suction chamber CI is 
positioned centrally between the suction chambers C2, C3 
which are located in opposite side portions of the suction 
mold 3. The suction chamber CI has a substantially flat bot- 
5 torn panel which serves as a central flat area of the shaping 
surface 31, and the suction chambers C2, C3 have arcuate bot- 
tom panels which serve as respective opposite curved areas of 

the shaping surface 31. 

The central suction chamber CI is connected to a 

10 vacuum generating device 36 through a duct 34 equipped with a 
valve 35, and the side auction chambers C2, C3 are connected 
to a vacuum generating device 39 through a duct 37 equipped 
with a valve 38. The ducts 34, 37 are connected to the suc- 
tion chambers CI, C2, C3 at an upper panel of the suction 

15 mold 3. 

The shaping surface 31 is covered with a surface 
layer 41 made of glass or metal cloth which has opposite ends 
locked on hooks 40 mounted respectively on the opposite ends 
of the suction mold 3 near its upper panel. The surface 
20 layer 41 serves to prevent the suction holes 32 from leaving 
their marks on the glass sheet G when the glass sheet G is 
shaped by the shaping surface 31. 

Operation of the apparatus shown in FIGS. 1 through 
3 to carry out the method according to the present invention 

25 will be described below. 

While the glass sheet G is moving in the heating 
furnace 1 by the conveyor rollers 2, the glass sheet G is 
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heated nearly to. its softening point. The heated glass sheet 
G. is conveyed out of the heating furnace 1 by the conveyor 
rollers 2, and then transferred from the conveyor rollers 2 
onto the rollers 5 in the ring mold 4 . 

5 Thereafter, the rollers 5 are lowered to place the 

glass sheet G on the ring mold 4. At the same time, the suc- 
tion mold 3 is lowered toward the ring mold 4. Before the 
suction mold 3 starts descending, the valves 35, 38 are open, 
and no suction pressure is imposed on the shaping surface 31 

10 of the suction mold 3. When the suction mold 3 starts moving 
downwardly, however, the valve 35 is closed to develop a vac- 
uum in the central suction chamber CI with the vacuum gener- 
ating device 36, applying a suction force to the flat area of 
the shaping surface 31 which corresponds to the central sue- 

15 tion chamber CI. 

The suction mold 3 is continuously lowered until it 

nears its lowermost position, i.e., the shaping surface 31 
approaches the glass sheet G on the ring mold 4, the central 
area of the glass sheet G is attracted to the area of the 
20 shaping surface 31 which corresponds to the central suction 
chamber CI under the vacuum developed in the central suction 

chamber CI, as shown in FIG. 4. 

In the illustrated embodiment, since the shaping 
surface 31 comprises a downwardly convex shaping surface, the 
25 vacuum is first created in the central suction chamber CI so 
that the suction mold 3 first attracts the central area of 
the glass sheet G. If the suction mold 3 is of the reversal 
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type including convex and concave shaping surfaces, then a 
vacuum is first created in a suction chamber corresponding to 
the concave shaping surface to attract an area of a glass 
sheet against the concave shaping surface. 
5 At the same time that the central area of the glass 

sheet G is attracted, the valve 38 is closed to apply a vac- 
uum developed by the vacuum generating device 39 into the 
side suction chambers C2, C3. Therefore, opposite side areas 
of the glass sheet G are attracted to respective opposite 
10 side areas of the shaping surface 31 which correspond to the 
side suction chambers C2, C3. Consequently, the glass sheet 
G is now bent complementarily to the downwardly convex shap- 
ing surface 31 as shown in FIG. 5. 

Since a vacuum or suction pressure is developed at 
15 different times in the central and side suction chambers CI, 
C2, C3, the glass sheet G is bent successively and gradually 
from one area to another, i.e., from the central area to the 
side areas thereof. Consequently, when the glass sheet G is 
bent, no air is trapped between the shaping surface 31 and 
20 the glass sheet G, and the glass sheet G is prevented from 
being ruptured or developing undue stresses therein, but can 
be bent accurately to a desired shape. 

Thereafter, the suction mold 3 with the glass sheet 
G attracted thereto is elevated, and then the quenching ring 
25 8 is introduced below the elevated suction mold 3 and above 
the ring mold 4. The valves 35, 38 are opened to release the 
glass sheet G from the suction mold 3 onto the quenching ring 
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8. The quenching ring 8 which has received the glass sheet G 
thereon is then moved into the quenching stage S2 and posi- 
tioned between the quenching boxes 6, 7 . Now, cooling air is 
applied from the quenching boxes 6, 7 to the glass sheet G to 

quench the glass sheet G. 

FIGS . 6A through 6D show different suction molds 
which can be used in the method according to the present in- 
vent ion. 

The suction molds shown in FIGS. 6A through 6C are 
suitable for shaping a glass sheet G having a cap-shaped up- 
per portion as shown in FIG. 7A. The suction mold shown in 
FIG. 6A has a central chamber Cll positioned between a pair 
of side chambers C12, C13 and beneath an upper small chamber 
C14 which extends between the side chambers C12, C13. The 
15 suction mold shown in FIG. 6B has a central chamber C21 posi- 
tioned between a pair of side chambers C22, C23 and beneath 
an upper small chamber C24 which extends over the central 
chamber C21 and the side chambers C22, C23. The suction mold 
shown in FIG. 6C has a central chamber C31 positioned between 
20 a pair of side chambers C32, C33 and beneath an upper small 
chamber C34 which extends between upper small side chambers 
C35, C36 that are positioned respectively above the side 

chambers C32, C33. 

The suction mold shown in FIG. 6D is suitable for 

25 shaping a glass sheet G of the reversal type as shown in FIG. 
7B. The suction mold shown in FIG. 6D has an upper chamber 
C7 and a lower chamber C8 disposed beneath the upper chamber 
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C7. 

While the method according to the present invention 
has been described particularly with respect to the illus- 
trated apparatus, the principles of the present invention are 
applicable to any of various methods of shaping a sheet of 
glass insofar as they employ a suction mold. 

The suction mold 3 used in the method according to 
the present invention may comprise a suction mold having a 
convex shaping surface, a suction mold having a concave sur- 
face, an upper suction mold, a lower suction mold, or a hang- 
ing press mold. The vacuum generating devices 36, 39 may 
comprise a blower, an ejector pump, a vacuum pump, a vacuum 
tank, or a combination of any of these vacuum generating de- 
vices. Furthermore, different vacuums or suction pressures 
may be developed in the respective suction chambers. 

Although there have been described what are at pre- 
sent considered to be the preferred embodiments of the inven- 
tion, it will be understood that the invention may be embod- 
ied in other specific forms without departing from the essen- 
tial characteristics thereof. The present embodiments are 
therefore to be considered in all respects as illustrative, 
and not restrictive. The scope of the invention is indicated 
by the appended claims rather than by the foregoing descrip- 
tion. 



